Courtship displays are an important component of animal reproduction, and divergence in these displays can play an integral role in promoting or maintaining reproductive isolation between species. The courtship behaviour of the threespine stickleback (Gasterosteus aculeatus) has been extensively characterized. In Japan, there are two lineages of threespine stickleback that are genetically differentiated and reproductively isolated when found in regions of sympatry. We have previously shown that males of the Pacific Ocean lineage perform the zig-zag dance, while sympatric males of the Japan Sea lineage perform a different dance, which we have termed the rolling dance (Kitano et al., 2007, Biol. J. Linn. Soc. 91: 671-685). As a first step towards understanding the role of the courtship display in female mate choice and sexual isolation between this sympatric pair, we conducted a more detailed analysis of divergence between the courtship displays of the Pacific Ocean and Japan Sea males. Kinematic analysis revealed that the tempo of the zig-zag dance is two times faster than the tempo of the rolling dance. A detailed analysis of head movements during the courtship dance revealed that the Japan Sea males erect their gill covers, extend their red throats, and open their mouths more frequently during the rolling dance than the Pacific Ocean males do during the zig-zag dance. These results demonstrate that there is extensive divergence between sympatric Pacific Ocean and Japan Sea males in both the motor patterns and the tempo of their courtship displays. Thus, the Japanese sympatric stickleback pair provides a good system to study the role of courtship behaviour in speciation, as well as the genetic mechanisms that underlie the divergence of kinematics and motor patterns in courtship behaviour.
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Introduction
Movement is an important component of animal communication in a variety of organisms (Tinbergen, 1951; Lorenz, 1958; von Frisch, 1967; Brown et al., 2005) . Movement can directly transmit information, such as the location of food resources in honeybee (von Frisch, 1967) or asymmetry of body shape in human (Brown et al., 2005) . In addition, movement can enhance the detection or the stimulatory effects of other aspects of a signal, such as color, shape, sound, and posture (Hailman, 1977; Fleishman, 1992; Partan & Marler, 1999; Künzler & Bakker, 2001; Cooper & Goller, 2004; Rosenthal et al., 2004) . For example, vocalization in túngara frogs is usually accompanied by the inflation of a conspicuous vocal sac, which enhances the attractiveness of males (Rosenthal et al., 2004) . The kinematic variables of a movement will determine the efficiency of its use in animal communication. For example, movements should be performed at an optimum velocity in order to effectively elicit the receiver's response (Fleishman, 1992; Rowland, 1995) and should be designed to enhance the signal over moving background noise (Fleishman, 1992; Peters & Evans, 2003) . Thus, kinematic studies of movements are necessary to understand the functions of these displays in animal communication. Furthermore, divergence in courtship displays can play an important role in sexual isolation between closely related species (Mayr, 1942; Tinbergen, 1951) ; thus, studies on divergence in the kinematics of courtship displays can contribute to an understanding of the speciation process.
The courtship rituals of the male threespine stickleback (Gasterosteus aculeatus) have been extensively studied in the context of animal communication, behavioural ecology, behavioural evolution, and speciation (Tinbergen, 1951; Wootton, 1984; McLennan et al., 1988; Bell & Foster, 1994; Foster, 1995 Foster, , 1999 Foster et al., 1996; McKinnon & Rundle, 2002) . In a majority of threespine stickleback populations, the appearance of a gravid female induces a territorial male to perform a stereotyped courtship dance known as a zig-zag dance (Tinbergen, 1951 (Tinbergen, , 1953 Wootton, 1984) . The male zig-zag dance plays an important role in attracting female attention, as well as in female mate choice and sexual isolation (Tinbergen, 1951; McPhail & Hay, 1983; Jamieson & Colgan, 1989; Rowland, 1995; Künzler & Bakker, 2001 ; but see Milinski & Bakker, 1990; Boughman et al., 2005) . Despite the fact that one kinematic variable (the tempo of the male courtship dance) has been
